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Abstract 
In this paper the method of solving Z-number valued multiobjective linear programming problem proposed in “R.A. Aliev, O.H. 
Huseynov, R.R. Aliyev, A.V. Alizadeh, The Arithmetic of Z-numbers. Theory and Applications. Singapore: World Scientific, 
2015” is applied to solve a marketing mix problem. The method utilizes differential evolution optimization. The obtained results
show validity and applicability of the proposed approach. 
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Peer-review under responsibility of the Organizing Committee of ICAFS 2016. 
Keywords: Z-number, reliability, linear programming, multicriteria decision making 
1.  Introduction 
Real-world decision making problems are characterized by imperfect information, particularly, by uncertainty1,
fuzziness2,3,4,5,6,7,8, partial reliability10,11,12 etc. For describing fuzziness and partial reliability of information, Prof. L. 
Zadeh introduced the concept of Z-number10. The Z-number valued multi-objective optimization problem and the 
solution method are considered in10. The authors formulated a statement of problem with Z-number valued decision 
variables, Z-number valued coefficients and right hand sides of constraints, Z-number valued coefficients of 
objective functions. The concepts of Z-valued feasible solution and Z-valued optimal solution and other concepts are 
introduced. The solution method is based on differential evolution optimization (DEO).  
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This paper is devoted to application of the approach proposed in12 to solving a marketing mix product problem 
(MMP). The MMP is one of the important real-world benchmark problems which is characterized by combination 
of fuzzy and probabilistic uncertainties. 
The rest of the paper is organized as follows. In section 2 we present the description of the considered decision 
problem. Section 3 includes the formal statement of the considered problem in the form of Multiobjective Z-valued 
linear programming problem. In Section 4 the results of solving the problem formulated in Section 3 are given. 
Section 5 concludes. 
2.  Data presentation 
A manufacturing company produces products A, B and C and has six processes for production. A decision maker 
has three objectives: maximizing profit, quality and worker satisfaction. Naturally, the parameters of objective 
functions and constraints are assigned by Z-numbers. Z-information on manufacturing planning is given in Table 1. 
Z-information on expected profit, index of quality and worker satisfaction index is given in Table 2. 
Table 1. Z-information on manufacturing planning data 
Type of  
resources 
Product A 
1
( )xZ  Product B 2( )xZ  Product C 3( )xZ  Maximum available  
capacity per month (hours)  ( )
ib
Z
1
11
( 12, 0.9)aZ about  12 ( 17, 0.9)aZ about 

13
( 0, 0.9)aZ about  1 ( 1400, 0.9)bZ about 

2
21
( 2, 0.9)aZ about  22 ( 9, 0.9)aZ about 

23
( 8, 0.9)aZ about  2 ( 1000, 0.9)bZ about 

3
31
( 10, 0.9)aZ about  32 ( 13, 0.9)aZ about 

33
( 15, 0.9)aZ about  3 ( 1750, 0.9)bZ about 

4
41
( 6, 0.9)aZ about  42 ( 0, 0.9)aZ about 

43
( 16, 0.9)aZ about  4 ( 1325, 0.9)bZ about 

5
51
( 0,0.9)aZ about  52 ( 12, 0.9)aZ about 

53
( 7, 0.9)aZ about  5 ( 900, 0.9)bZ about 

6
61
( 10, 0.9)aZ about  62 ( 10, 0.9)aZ about 

63
( 4, 0.9)aZ about  6 ( 1075, 0.9)bZ about 

Table 2. Z-information on profits, quality, and worker satisfaction
Type of objectives Product A Product B Product C 
Profit
11
( 50, 0.8)CZ about  12 ( 100, 0.8)CZ about 

13
( 17, 0.8)CZ about 
Quality  
21
( 92, 0.8)CZ about  22 ( 75, 0.8)CZ about 

23
( 50, 0.8)CZ about 
Worker satisfaction 
31
( 25, 0.8)CZ about  32 ( 100, 0.8)CZ about 

33
( 75, 0.8)CZ about 
3.  Statement of problem 
The considered MMP problem can be formulated as a Z-valued linear programming problem (Z-LP). Let the 
quantity produced for iX  be 
,  1, 2, ,
iX
Z i n }
 Taking into account Z-information given in tables 1, 2, multi-criteria 
Z-LP model for multi-criteria planning decision may be formulated as follows. 
1 1 2 3
( ) ( 50, 0.8) ( 100, 0.8) ( 17, 0.8) maxf x x x xZ Z about Z about Z about Z      o   ,
2 1 2 3
( ) ( 92, 0.8) ( 75, 0.8) ( 50, 0.8) maxf x x x xZ Z about Z about Z about Z      o   ,
3 1 2 3
( ) ( 25, 0.8) ( 100, 0.8) ( 75, 0.8) ) maxf x x x xZ Z about Z about Z about Zª      o¬
  
subject to 
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1 2
( 12, 0.9) ( 17, 0.9) ( 1400, 0.9)x xabout Z about Z about   d   ,
1 2 3
( 2, 0.9) ( 9, 0.9) ( 8, 0.9) ( 1000, 0.9)x x xabout Z about Z about Z about     d    ,
1 2 3
( 10, 0.9) ( 13, 0.9) ( 15, 0.9) ( 1750, 0.9)x x xabout Z about Z about Z about     d    ,
1 3
( 6, 0.9) ( 16, 0.9) 1325, 0.9)x xabout Z about Z about   d   ,
2 3
( 12, 0.9) ( 7, 0.9) 900, 0.9)x xabout Z about Z about   d   ,
1 2 3
( 10, 0.9) ( 10, 0.9) ( 4, 0.9) 1075, 0.9)x x xabout Z about Z about Z about     d    ,
1 2 3
, , 0x x xZ Z Z t .
Some of the Z-valued parameters of the considered problem are given below. 
11
( 50, 0,8)CZ about  =( A, B); 
A= 0.044 0.135 0.325 0.607 0.883 1.000 0.883 0.607 0.325 0.135 0.044 
0.01 10 20 30 40 50 60 70 80 90 100 
B= 0.000 0.002 0.011 0.044 0.135 0.325 0.607 0.882 1.000 0.882 0.607 
0.01 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
12
( 17, 0,9)aZ about  =(A,B); 
A= 0.029 0.066 0.135 0.249 0.411 0.607 0.801 0.946 1.000 0.946 0.801 
9 10 11 12 13 14 15 16 17 18 19 
B= 0.000 0.000 0.002 0.011 0.044 0.135 0.325 0.607 0.882 1.000 0.882 
0.01 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
4.  Solution of the problem 
For solving the considered problem, we apply the approach proposed in12. We constructed template parameter 
vector u  of dimension 60 (population size is var2 10N
11, var 3N   is the number of decision variables) for holding 
data of all decision variables xZ . Then we set algorithm parameters: mutation rate F = 0.8, crossover rate CR =0.7. 
The obtained Z-valued optimal solution is given below.  
1x
Z =( A, B); 
A= 0.135 0.278 0.487 0.726 0.923 1.000 0.923 0.726 0.487 0.278 0.135 
34 36 38 40 42 44 46 48 50 52 54 
B= 0.012 0.029 0.066 0.135 0.249 0.411 0.607 0.801 0.946 1.000 0.946 
0.01 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
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2x
Z =(A, B); 
A= 0.020 0.056 0.135 0.278 0.487 0.726 0.923 1.000 0.923 0.726 0.487 
34 36 38 40 42 44 46 48 50 52 54 
B= 0.818 0.946 1.000 0.946 0.801 0.607 0.411 0.249 0.135 0.066 0.029 
0.01 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
3x
Z =(A, B); 
A= 0.923 1.000 0.923 0.726 0.487 0.278 0.135 0.056 0.020 0.006 0.002 
34 36 38 40 42 44 46 48 50 52 54 
B= 0.003 0.011 0.044 0.135 0.325 0.607 0.882 1.000 0.882 0.607 0.325 
0.01 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
The corresponding values of the Z-valued objective functions are given below. 
1
( )f xZ Z = (A, B); 
A=
0.004 0.135 0.411 0.697 0.941 1.000 0.810 0.516 0.278 0.056 0.006 
1.02 1860.34 3720.34 6000.34 7360 7612 8240 9680 11120 12240 13520 
B
0.001 0.003 0.012 0.044 0.135 0.607 0.818 0.946 1.000 0.882 0.607 
0.493 0.514 0.515 0.556 0.568 0.608 0.668 0.687 0.705 0.811 0.889 
2
( )f xZ Z = (A, B); 
A=
0.009 0.056 0.278 0.607 0.882 1.000 0.986 0.882 0.707 0.278 0.044 
1.02 2400 4020 6020 7820 9448 9688 10800 12400 13520 14800 
B=
0.001 0.003 0.012 0.044 0.135 0.607 0.818 0.946 1.000 0.882 0.607 
0.586 0.588 0.596 0.599 0.601 0.606 0.608 0.629 0.663 0.706 0.800 
3
( )f xZ Z = (A, B); 
A=
0.001 0.056 0.135 0.607 0.923 1.000 0.969 0.726 0.487 0.278 0.056 
1.02 2100.34 4070.34 6030 7970 8600 8780 9760 10500 12100 13780 
B=
0.001 0.003 0.012 0.044 0.135 0.607 0.818 0.946 1.000 0.882 0.607 
0.530 0.560 0.563 0.576 0.588 0.594 0.631 0.640 0.653 0.698 0.725 
Indeed, due to imperfect relevant information, the optimal values of amount of products and the corresponding 
values of the criteria can be described with partial reliability. 
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5.  Conclusions 
In this paper a multicriteria decision making in marketing mix product problem under imprecise and partially 
reliable information is considered. The considered problem is formulated as a Z-valued multicriteria linear 
programming problem. The used criteria are profit, quality and worker satisfaction. For solution of the problem, a 
method proposed by Aliev et al.11 was applied. The obtained results are characterized partial reliability which is the 
case for many real-world decision problems.  
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